Critically ill patients often need to be transported from primary care facilities for optimal clinical management. Regionalization of health care for trauma and speciality services has become commonplace. A transportation system with competent transit medical and nursing care is important in the effective management of critically ill patients.
Our region, Northland, has a Base Hospital in Whangarei with 240 beds and a six-bed general ICU. There are five other primary care hospitals scattered in a widespread region that has a density of only 14 people per square kilometre 1 . In New Zealand, 45% of health care is provided by non-metropolitan hospitals, compared to 14% in Australia 1 . Helicopters play an important role in transportation of the critically ill. The Whangarei model of transit care of the critically ill 1,2 is suitable for suburban and rural areas and is similar to networking for a rural retrieval service in Australia 3, 4 .
We present our version of a versatile mobile ICU. We have developed a lightweight stretcher-mounted bridge that travels with the retrieval team and carries all the basic monitoring and therapeutic equipment needed for transit care of the critically ill. This system can be used in evacuation of the injured from the scene of trauma, intra-hospital transportation of the critically ill for diagnostic and management modalities, inter-hospital surface transportation and inter-facility aeromedical evacuation.
MATERIALS AND METHODS
An indigenously designed mobile ICU, Equipment Bridge, served us in the early 1990s 5 . The patient stretcher we now use is a "Ferno-Mark 11" (Ferno-Washington, U.S.A.). The patient care bridge is made of Kevlar (Dupont, U.S.A.), Carbon fibre, e-glass and a high-density fibre (Herix). The fully laden weight of the bridge is 35 kilograms.
The bridge houses a Dräger Oxylog 2000-transport ventilator (Dräger Corporation, Germany), a Propaq monitor (Protocol Systems Inc., U.S.A.), an IVAC 711-infusion pump (ALARIS Medical Systems, U.K.), a 490-litre oxygen cylinder, a medication bag and a miscellaneous pack (with infusion devices and tubing). In addition to the above, the bridge recess can accommodate up to eight volumetric infusion pumps and IV fluid bags. Kevlar (p-phenyleneterephtalamide), used in the construction of our Bridge, is an aramid fibre which is also used in bulletproof vests, high-strength ropes and lines. Its high strength-to-weight property is an added advantage in our transit care bridge, making it light but strong. The e-glass has double bias reinforcement at 395 g/m 2 and the carbon fibre core has a unidirectional reinforcement at 210 g/m 2 . Kevlar has also unidirectional reinforcement at 305 g/m 2 . The Patient Care Bridge was conceptualized by the staff in the Intensive Care Unit at Whangarei Hospital and designed and developed by Austral Marine, Whangarei, New Zealand 6 . The Patient Care Bridge is clipped on to the Mark 11 stretcher (Figure 1) . The curvilinear sides conform to the space and shape requirements of a back loading BK117 helicopter and also in the side-loading Sikorsky S-76. On occasions, we have comfortably used the Bridge-Stretcher in our substitute aircraft, an Aerospatiale AS 350B "Squirrel".
RESULTS
Since its introduction in 1995 the Patient Care Bridge has been used in over 800 episodes of interhospital transit care of the critically ill. It has also been used in over 300 intra-hospital episodes, as in transporting critically ill patients for diagnostic investigations such as CT scanning.
DISCUSSION
Critically ill patients who require services of an Intensive Care Unit often need to be transported elsewhere for diagnostic and treatment modalities. Severe clinical decompensation of such patients has sometimes occurred during transport between hospitals 7, 8 . The American College of Emergency Physicians has issued guidelines for transfer of critically ill patients 9 . Minimum standards for transport of the critically ill have also been published by the Faculty of Intensive Care and the Australian & New Zealand College of Anaesthetists 10, 11 . The need for thorough preparation of the critically ill before inter-hospital transport has been stressed 12 .
Aero-medical patient transfer has its unique set of potential problems and minimum safety guidelines have been published 13 . Earlier transport units were mounted onto a hospital bed 14 . With evolution and popularization of transit care of the critically ill, most modern Patient Care Bridges are either built on to a patient trolley 15, 16 or, more often, attachable in the form of a "stretcher-bridge" 17 .
Helicopter Emergency Medical Services (HEMS) sometimes affix the transport ventilator and other equipment to the helicopter. Such a system impels the transit care team to provide alternative mechanical or manual ventilation until the patient is safely attached to the ventilator mounted in the helicopter cabin. A compact transport bridge ensures care and monitoring from the moment the equipment is set, through the helicopter transit and continuously to the destination bedspace. The Patient Care Bridge described is a compact mobile ICU with all the accoutrements of a basic intensive care bed. The set-up time on to a stretcher with a patient is 20 minutes, including the connection of all monitoring and therapeutic modalities. It firmly clips on to the patient's stretcher and a safetybelt fastens the bridge to the tubular frame of the stretcher, ensuring safety when the patient trolley is transported on surface or in the helicopter. Once the patient is stabilized and the bridge is in place, there is no need to alter this arrangement until, at the destination, the patient is ready to be transferred on to an Intensive Care Unit bed or to the CT scan table. The Patient Care Bridge is then lifted off the patient's stretcher and placed on an inexpensive mobile trolley frame.
Each of the four legs of the bridge (Figure 2 ) has grooves (30 mm wide, 50 mm long and 50 mm deep) which fit snugly on to the tubular frame of a Mark-11 stretcher. When ICU patients are taken to CT, the same bridge is placed on the mattress and a 8 cm flat belt, which buckles to the bedsides, secures the bridge. We are confident that the leg grooves of the bridge may be modified to suit the shape and size of various commercially available stretcher frames.
In the CT suite the ventilator is connected to a wall supply source by conventional oxygen tubing (60 psi -6 mm internal diameter; MediCorp). This activates a two-way shuttle valve shutting off the cylinder supply which is set to run at a pressure 10 psi lower than the wall/helicopter supply. An on-line pressure reduction valve regulates the lower pressure. In the helicopter FIGURE 1 two "D" size oxygen cylinders (1,500 litres each) are placed in the luggage compartment and fed to two separate cabin wall outlets; this ensures oxygen supply for up to three hours. The helicopter cabin oxygen outlets may be selectively attached to a ball-valve flowmeter for those breathing spontaneously by a mask or, more commonly, to hand-wheel connections for the transport ventilator. The Bridge oxygen cylinder has a dial-flow meter for both ventilated and spontaneously breathing patients.
Presently we use separate suction equipment (Laerdal Premier, Laerdal Medical Corp, U.S.A.). An 80-600 mmHg "stepless" vacuum range regulator allows for various applications including paediatric suctioning on a simple turn-dial and with alarms for low battery and tube blockage. The suction unit is placed in the bridge recess.
All components of the equipment are kept fully charged in ICU and have a six-hour battery life. In the helicopter the bridge is plugged on to a 12 volt supply. We are currently modifying the helicopter's power outlet with an inverter to accept 240 volt equipment. The bridge also has a mounted spotlight on a flexible arm ( Figure 2 ).
The position of the Patient Care Bridge on the patient stretcher ( Figure 1 ) allows for unimpeded access for patient evaluation and management during transit. The configuration of the bridge with its capacious underbelly has allowed us to transport heavy patients up to a total laden weight of 170 kg.
The light weight, adaptability to surface and air transportation and unhindered access for patient evaluation and management as well as its low cost (approximately AUS$8,000) make this an ideal device for inter-hospital and intra-hospital transport of the critically ill. We believe it could also be used for prehospital evacuation of the critically ill.
